Chlororganic compounds like pesticides or polychlorinated biphenyls (PCB) and nitro musks are environmental contaminants, which remain public health concerns because of their persistence in humans and their toxicological properties. Many of these substances are associated with endocrine dysfunction or with carcinogenicity. Therefore, a simple method using solid-phase extraction followed by capillary gas chromatography with electron capture detection for the simultaneous determination of both organochlorines and nitro musks in human whole blood samples has been developed. Recovery rates of 13 PCB congeners and of 7 pesticides ranged from 67.5% to 100.4% and from 81.1% to 110.5%, respectively. Recoveries of the 5 nitro musks were consistent and ranged from 90.2% to 98.8%, The accuracy for organochlorines and nitro musks varied from 6.3 % to 8.6 %. Method detection limits ranged from 0.02 pg/L to 0.11 pg/L for the organochlorines and from 0.04 pg/L to 0.08 pg/L for the nitro musks. The method has a high sensitivity with a low detection limit even in slightly contaminated human blood samples. The time and technical effort is small, so the method is feasible for epidemiological studies with regard to the impact of organochlorines and nitro musks on certain diseases.
Introduction
Chlororganic compounds such as pesticides or polychlorinated biphenyls (PCBs) are among the most prevalent environmental contaminants. Because of their highly lipophilic properties, they accumulate in the food chain leading to a long-lasting persistence in human tissues. Although their application has been reduced during the last years, they are still found in several human samples like adipose tissue, blood, and mother's milk (1, 2) .
The nitro musks musk ambrette, musk ketone, musk moskene, musk tibetene, and musk xylene are another class of widely used, persistent environmental pollutants. They were extensively used as fragrance ingredients in the industrial production of cosmetics and detergents and have, like the organochlorines, a high ability to bioaccumulate in human tissues and are also detected in human samples like blood, adipose tissue, and mother's milk (3, 4) , Toxicological properties, high stability against biological and chemical degradation, and high lipophilicity turn organochlorine compounds as well as nitro musks into important environmental contaminants. Many of the chlororganic compounds are associated with induction and/or promotion of various malignancies, including breast cancer, prostate cancer, or nonHodgkins lymphoma (5) (6) (7) (8) (9) . Moreover, both organochlorines and nitro musks are able to disrupt endocrine pathways, which can affect sexual development or lead to endocrine dysfunctions (10) (11) (12) .
Accordingly, the interest to determine these pollutants in biological samples for monitoring of the general population or to generate specific data for current epidemiological studies has increased.
At present there is no method available to determine organochlorines and nitro musks simultaneously in human whole blood samples. Because of the trace levels of these compounds, a highly sensitive and selective analytical procedure is needed. Furthermore, monitoring of human exposure requires an efficient and fast method with low costs. Conventional methods for the determination of organochlorines from human blood samples use liquid-liquid extraction with non-polar sol-vents (13, 14) . These procedures are very complex, leading to a high consumption of time, labor, and materials (e.g., solvents and reagents). Solid-phase extraction (SPE) has been previously investigated as an effective and fast method for analysis of organochlorines as well as nitro musks in human blood samples (15) (16) (17) . Nevertheless, a procedure to determine both of these contaminants simultaneously is still necessary.
The purpose of this paper is to provide a sensitive, reliable, simple, and rapid method for the routine congener specific analysis of chlororganic compounds and nitro musks in human blood.
Materials and Methods

Experimental
Acetone, dichlormethane, and n-hexane (quality "for residue analysis") were obtained from Fluka (Buchs, Switzerland). n-Hexane and acetone (purity > 99.5%) were distilled in-house. For evidence of purity they were evaporated under vacuum from 100 mL to 1 mL and then analyzed with capillary gas chromatography (GC) and electron capture detection (ECD) under standardized conditions. Iso-octane and dodecane (quality "for trace analysis") were purchased from Merck (Darmstadt, Germany). Florisil PR, 60-100 mesh (quality "for residue analysis") was obtained from Fluka (Buchs, Switzerland). Before use, it was activated at 600~ for 7 h, deactivated by addition of 3% aqua bidest., and shaken for 20 min and then stored over night.
PCB congeners and pesticides used as standards were selected on the basis of reported abundances and toxicities. PCBs were numbered as reported by Ballschmiter and Zell (18) . The following PCBs, diluted with cyclohexane to a concentration of 10 ng/lJL, were obtained from Dr. Ehrenstorfer (Augsburg, Germany): PCB 28, 52, 101, 118, 128, 138, 153, 170, 177, 180, 183, 187, and 194. Octachlorstyrol and the pesticides ~-HCH, [3-HCI-I, ?-HCH, HCB, 4,4'-DDT, 4,4'-DDE, and 4,4'-DDD (purity > 99%) were purchased from Riedel de Haen (Hannover, Germany). The nitro musks musk ambrette, musk ketone, musk moskene, musk tibetene, and musk xylene were provided by Promochem (Wesel, Germany).
The glassware was first cleaned in a disinfecting bath (Sekusept Plus, Henkel, Duesseldorf, Germany) followed by a cleaning step in a dish washer using a detergent and rinsed with distilled water. After drying in a drying cabinet, the equipment was rinsed again with acetone and dried again for I h.
The standard solution was prepared in cyclohehexane and contained 20 organochlorine compounds, the 5 nitro musks and octachlorstyrol as an internal standard. The concentrations and retention times of these compounds in the standard solution are shown in Table I . The internal standard containing octachlorstyrol, prepared in cyclohexane with a concentration of 15 ng/pL, was spiked to each sample in the first step of the analytical procedure in order to consider losses during sample preparation. The criteria for using octachlorstyrol as internal standard were its absence in human samples and its elution characteristics similar to those of the investigated compounds. A chromatogram of the standard mix is shown in Figure 1 .
The human whole blood samples were collected from volunteers who were fasting for at least 12 h. One aliquot was analyzed blank to determine the background levels of the investigated compounds. The second aliquot was spiked with the standard solution and then allowed to equilibrate over night in the refrigerator before extraction. (*Unspecified peak without interference, **Mirex was also added to the samples as an internal standard but not considered for the calculation of the concentrations,)
Apparatus
GC was performed with a Varian 3500 GC fitted with an 8100 autosampler and an ECD (63Ni-ECD) (Varian, Darmstadt, Germany). For separation of the compounds a 30-m x 0.25-mm i.d. DB-5 column with a phase film of 0.25 IJm was used (J&W Scientific, Folsom, CA). Nitrogen was used as a carrier gas with a flow rate of I mL/min and also nitrogen as the make-up gas with a flow rate of 30 mL/min. One microliter of each sample was injected on the GC in the split mode (split 1:9). The injector and detector temperatures were set at 250~ and 320~ respectively. The initial temperature of the column was 120~ which was held for 3 rain. Then the temperature was increased to 200~ at a rate of 3~
and held for 0.1 rain. Subsequently, the temperature was increased to 220~ at l~ held for 0.1 rain and finally to 260~ at 3~ and held for 10 rain. To ensure that the instrument and column were free of contaminants, a blank n-hexane run was performed between each sample analysis.
The vacuum rotation evaporator (type Rotavapor RE 111) and the water bath (type B~chi 461) were purchased from Btichi (Flawil, Switzerland). The Thermicon T oven was obtained by Haraeus (Hannover, Germany).
The glass columns filled with glass frits had a length of 50 cm and a diameter of 2 cm and were provided by Eydam (Kiel, Germany). The columns were cleaned with hot water followed by aqua dest. and bidest. After drying at 175~ for 12 h, they were rinsed carefully with acetone. 
Analytical procedure
Prior to the sample application, the glass columns were filled with n-hexane to a height of 12 cm. Then 9 g of deactivated florisil was added to the n-hexane. Five milliliters of the n-hexane was drained and rejected in order to remove possible contamination of the florisil.
Human blood (2.5 mL) was added to 15 g florisil, spiked with 0.5 mL of the internal standard solution containing octachlorstyrol, mixed carefully, and then transferred to the filled glass column. Subsequently, the organochlorines and nitro musks were eluted with n-hexane followed by a mixture ofnhexane and dichlormethane and finally with pure dichlormethane as shown in Figure 2 . During the elution procedure, the elution times had to be kept exactly and the columns were not allowed to get dry.
Afterwards, 0.3 mL of'keeper' solution (dodecane dissolved in iso-octane, concentration i lag/lJL) was added to the eluate in order to reduce analyte loss during evaporation. The final eluate was concentrated in a water bath (30~ to 1 mL using a vacuum rotation evaporator with a maximum of 1000 mbar. After addition of 10 mL iso-octane, the eluate was concentrated again to 0.5 mL and stored in sealed vials at -20~ until gas chromatography analysis was carried out.
Identification and quantification
The identification of the organochlorine compounds and nitro musks based on their relative retention times compared to the retention times of the authentic standard. The calculation of the concentrations was performed by using the integral of the peaks in the chromatogram (counts). Losses during sample preparation were adjusted using the recovery of the internal standard.
The linear calibration curve was generated by analysis of standards at five different concentrations ranging from 0.5 gg/L to 20 gg/L.
Recoveries, reproducibility, accuracy, and limits of detection
The recovery experiments were carried out by using aliquots of human blood samples fortified with the standard solution. Five replicates at one spiking level and five non-spiked replicates were analyzed. Absolute recoveries were calculated by subtracting the levels found in the non-spiked samples from the spiked replicates and dividing by the original spike concentration. Recovery experiments testing the dependency of recovery on the duration of the elution times in the SPE were carried out using in vivo contaminated human blood samples of known concentrations for the organochlorines and spiked human blood samples for the nitro musks.
The reproducibility of the GC was tested by measurements of the standard solution that was repeated six times during each sample analysis as well as by determination of the between-day standard deviations. The accuracy of the method has been proven analyzing aliquots of spiked human blood samples at five different days and determinating their recoveries and the standard deviations of the mean.
The limits of detection for the specific compounds were determined by a signal-to-noise ratio of 2:1.
Quality assurance
The standard solution including all investigated compounds was analyzed every third injection to correct for variations in chromatographic and instrument performance 9
To ensure that the SPE provides the complete elution of the pollutants, a second eluate under assistance of 50 mL of a n-hexane/dichlormethane mixture (80:20) in access of the described elution steps was introduced into the analytical procedure. The duration of this elution step was 30 min. The evaluation of the additional eluate with GC detected none of the investigated substances, indicating that the previously described method isolates all substances from the whole blood samples.
With regard to contaminations occurring during sample preparation, a blank was included in every batch of samples. The blank consisted of 2.5 mL 0.9% NaCl solution and was prepared like the blood samples described in this paper. Counts of contaminations occurring in the blank at the same retention time as the investigated compounds were subtracted of the counts in the sample chromatogram after adjustment with the internal standard.
External quality control concerning the analysis of selected organochlorines was ensured by successful participation in interlaboratory tests organized by the University of Erlangen (Germany). For analysis of nitro musks there is no external quality control available at present. The data concerning the determination of musk xylene in human serum and spiked bovine serum were comparable to the data of Dr. H. K~ifferlein (University of Erlangen, Germany) 9
Results
SPE
Both the content of the solvents as well as the duration in the SPE have an important impact on the efficacy of the elution of the investigated pollutants. To provide the simultaneous elution of nitro musks, which, compared to organochlorines, have a higher polarity, an additional elution step with pure dichlormethane was integrated into the elution procedure. To investigate the specific effect of dichlormethane on the elution of nitro musks in particular, this elution step following the prior elution was performed as a second eluate of spiked whole blood samples 9 In the first eluate, the recovery rate of organochlorines ranged from 91.3% (PCB 194) to 105.5% (a-HCH) and those of the nitro musks from 53.3% (musk ketone) to 99.9% (musk xylene). The dichlormethane eluate contained small amounts of HCB and all five nitro musks, resulting in an improved overall recovery rate of nitro musks ranging from 92.4% (musk ketone) to 104% (musk xylene) (Figure 3) .
The recovery of low volatile substances such as DDT and its metabolites was not impaired through the additional dichlormethane elution step. This led to an increase of smaller interfering peaks, but they were beyond the retention times of the respective pollutants and therefore did not influence the results.
The recoveries of the investigated compounds showed a strong dependency on the duration of the elution times in SPE. The comparison of 30 min versus 240 rain running time showed a significantly improved recovery especially of the organochlorines through prolongation of the elution time ( Figure 4 ). The average recovery rate was 53.8% with 30 rain and 121.5% with 240 rain. Additionally, the prolongation of the elution time lead to an improvement of 10.2% on average for the detection of nitro musks 9 Figure 4 shows the recovery rates of selected organochlorines in dependence to different elution times in the SPE.
GC
The GC-ECD conditions provided an optimal separation of the investigated compounds on the DB-5 capillary column. The time needed for GC analysis took less than 65 min. The linear concentration range of the detector response was determined by analyzing the standard solution at five different concentrations. The detector response was linear over a wide concentration range for all analytes (R 2 > 0.98). Peak identification was performed by relative retention times.
The reproducibility experiments demonstrated a relative standard deviation less than 5% during every sample analysis as well as in the between-day tests 9
Recoveries, accuracy, and limits of detection
The recovery rates in the spiked samples were determined by subtracting the background levels found in the blank human 1" etuate ~ 2" eluate (dichlormethane) ~ sum (1 ~ and Z" eluate) Figure 3 . Effects of elution with pure dichiormethane on the recovery of organochlorines and nitro musks in spiked human whole blood samples.
(Abbreviations: MA, musk ambrette; MX, musk xylene; MM, musk moskene; MT, musk tibetene; and MK, musk ketone.) whole blood samples and subsequent division of the results with the original spike amount. Recovery rates for the respective organochlorine compounds varied from 67.5% (PCB 194) to 110.5% (cr The recoveries of the nitro musks were consistent and ranged from 90.2% (musk moskene) to 98.8% (musk ambrette). The recovery rate of the internal standard octachlorstyrol was 90.8%. Detailed recovery results are shown in Table II .
The accuracy experiments showed a relative standard deviation of the mean ranging from 6.3% (PCB 194) to 8.6% (ct-HCH) for the organochlorine compounds. The accuracy calculated for the nitro musks varied from 6.9% (musk moskene) to 8.6% (musk ambrette). Complete accuracy information is shown in Table II .
Method detection limits for the investigated compounds ranged from 0.02 pg/L to 0.1 lpg/L for the organochlorines and from 0.04 pg/L to 0.08 pg/L for the nitro musks (Table III) .
Interference
The analysis of blank values frequently showed three smaller interfering peaks within the retention area of the investigated compounds. Additionally, all chromatograms consistently showed one unspecified peak out of the retention time of the in- vestigated pollutants. One interfering peak always appeared within the retention time of 7-HCH. This interfering peak, however, had a maximum concentration of 0.09 pg/L and was subtracted from the total concentrations of T-HCH in the blood samples. Furthermore, one interfering peak appeared within the area of musk xylene with a calculated maximum concentration of 0.91 pg/L. Mostly, this peak could be identified because of its slightly later retention time. However, in some samples the interfering peak occurred exactly at the retention time of musk xylene, and the calculation of concentrations was only possible through subtraction of the blank values. Additionally, interfering peaks of the blank value with a concentration of 0.02 to 0.22 lag/L were detected within the retention area of musk ketone. Because these peaks always appeared within the retention area of musk ketone in the standard solution, the calculation of its concentration in the samples had to be performed through subtraction of the blank values.
Because of the low concentrations of these interferences, identification with mass spectrometry was not possible. Figure 5 shows a chromatogram of a blank containing all of the three interferences.
Discussion
The described method was developed to detect even low amounts of organochlorines and nitro musks simultaneously in human whole blood samples. Because of their high lipophilicity, these harmful substances accumulate in adipose tissues, but there is evidence that blood concentrations correlate with concentrations from adipose tissue (19) . Collection of human blood samples is easier and its processing is less time consuming and technically less extensive in comparison to adipose tissue. Furthermore, it is more feasible to use whole blood than serum or plasma samples to detect pollutants that are potentially adherent to erythrocytes (20) . The concentration of organochlorines in blood samples is affected by the content of lipids, and diet-related fluctuations of the concentrations could be expected. Therefore, the indication of a respective concentration should be related to the blood lipid level (in lJg/kg) or the evaluation should be performed with fasting blood samples (21, 22) .
With the described method both organochlorines and nitro musks can be analyzed simultaneously in whole blood sampies, despite their different chemical properties. Nitro musks have a higher polarity in comparison to organochlorines, because their nitro groups have a stronger electron attracting effect than the chlorine atoms. Therefore, nitro musks can be eluted more effectively if the polar fraction of the solvent is increased because the dilution behavior of these compounds is affected among others by a dipole-dipole interaction. Dichiormethane is a suitable polar solvent for the analysis of nitro musks (23) . Especially musk ketone, having an additional ketone group, is recovered significantly better when using a polar solvent (Figure 3) . Additionally, the detection of organochlorines and nitro musks is not impaired by this additional step because no additional interfering peaks appeared in the analyses.
The recovery of the investigated compounds also showed a strong dependency on the duration of the elution times in the SPE. It could be assumed that equilibrium, particularly of the organochlorines, is not reached until an elution time of at least 4 h. Thus, the recoveries, especially of the chlororganic compounds, were improved significantly through prolongation of the elution time (Figure 4) . Therefore, the total running time of the solvents on the SPE was set to duration of about 4 h. This procedure increases the time effort of the described method on the one hand, but increases the accuracy significantly on the other.
The GC analysis on DB-5 columns under assistance of the ('Unspecified peak without interference, **Mirex was also added to the samples as an internal standard but not considered for the calculation of the concentrations.I mentioned temperature program provided an accurate separation of the investigated pollutants. No co-elutions between organochlorines and nitro musks were observed in the experiments. However, there were interfering peaks of the blank values within the retention area of organochlorines and nitro musks which could not be eliminated through the modification of the temperature program. Additionally, it was not possible to identify the interferences or to detect their origin because of their low concentrations. Alternatively, the GC analysis could be performed in two separate capillary columns with different polarity to avoid co-elutions (13, 16, 24) .
To provide a precise detection of the pollutants' concentrations, the losses have to be kept as small as possible during the preparation of the samples. That concerns particularly those samples which contain harmful substances in low concentrations close to the detection limit.
The recovery rates of organochlorines ranged from 67.5% (PCB 194) to 110.5% (r with the lowest values among the low volatile substances such as PCB 170 to 194. The recoveries for hexachlorinecyclohexanes, HCB, and the volatile PCB 28 and 52 were always > 90%. During the development of the method it was not possible to adjust the recovery rates of the low volatile PCB-compounds to the values of the more volatile PCB. However, the recovery rates of low volatile PCB were usually > 70% and therefore within an area which provides reliable information about their concentrations, especially in slightly contaminated blood samples.
In comparison to other methods for the detection and quantification of organochlorines in human blood samples, the described method provided lower losses during sample preparation. The method developed by Brock et al. (16) , who also used SPE, has a similar distribution pattern of recoveries of chlororganic compounds. However, the losses were on average 20% higher. On the other hand, the methods from others provided lower recovery rates particularly of the more volatile compounds. Najam et al. (13) used a liquid-liquid extraction, but their recovery rates for hexachlorinecyclohexane were below 40%. Covaci and Schepens (25) used an SPE method and observed a lower average recovery of 70%, which indicates increased losses during the sample preparation.
Losses during the analysis of nitro musks could be estimated as low, because their recovery rates ranged from 90.2% (musk moskene) to 98.8% (musk ambrette). Angerer and K~ifferlein (17) analyzed musk xylene with SPE and observed losses of 10.1-17.8% in their experiments. Comparable results were observed with the method from Helbing et al. (23) , who reported a recovery rate of 86% for musk xylene.
To compensate the losses during the analytical procedure, octachlorstyro] was added to the samples as an internal standard. Octochlorstyrol was suitable as an internal standard in the experiments. Its recovery rate of 90.8% is concordant to the recoveries of nitro musks and the more volatile organochlorines. Nevertheless, although the use of a single internal standard reduces the analytical effort, the use of an additional internal standard should be considered to provide a correlation to the low recovery rates of the low volatile organochlorines with recovery rates about 70%.
Reproducibility of GC analysis was tested through multiple in- 
Conclusions
The present methodology facilitates the routine congener specific analysis of chlororganic compounds and nitro musks in human whole blood samples.
The method provides a high sensitivity with marginal losses during sample preparation, low detection limits, and a reliable and accurate analysis especially of slightly contaminated samples.
Additionally, the time and technical effort is small, which enables the evaluation of many samples in little time. Therefore, the method is feasible for epidemiological studies with regard to the impact of organochlorines and nitro musks on certain diseases.
